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(57) A refrigerator Includes a compressor compress- 
ing a refrigerant, a first liquid heat exchanger performing 
heat exchange between the refrigerant and a first liquid 
heat medium, an expander expanding the refrigerant, a 
second liquid heat exchanger performing heat exchange 
between the refrigerant and a second liquid heat medium, 
an air heat exchanger performing heat exchange be- 
tween the refrigerant and air, a blower sending air to the 
air heat exchanger, a refrigerant flow rate regulator reg- 
ulating a flow rate of the refrigerant of the first liquid heat 
exchanger, the second liquid heat exchanger and the air 
heat exchanger, a pressure sensor detecting a pressure 
value of the refrigerant of the air heat exchanger, a target 
pressure value setter setting a target pressure value of 
the refrigerant of the air heat exchanger in accordance 
with a target temperature value of the first liquid heat 
medium, and a blower controller controlling the blower 
so that the detection value of the pressure sensor be- 
comes the target pressure value. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a refrigerator 
having a liquid heat exchanger and an air heat exchang- 
er. 

[0002] Conventionally, there has been a refrigerator 
for simultaneously feeding cold water and hot water, 
which is composed of a compressor for compressing a 
refrigerant, a hot water heat exchanger, an expander, a 
cold water heat exchanger and an air heat exchanger, 
with a three-way valve mounted on an outlet side of the 
compressor and a three-way valve mounted on an Inlet 
side of the compressor (see JP S56-7955 A). 
[0003] In the conventional refrigerator, when the cold 
water heat exchanger is larger in heat load than the hot 
water heat exchanger, the opening degree of the out- 
let-side three-way valve Is regulated so as to communi- 
cate the outlet side of the compressor with the hot water 
heat exchanger and the air heat exchanger, while the 
opening degree of the Inlet-side three-way valve is reg- 
ulated so as to communicate the Inlet side of the com- 
pressor with the cold water heat exchanger. Consequent- 
ly, the air heat exchanger functions as a condenser, by 
which the heat load is balanced between the cold water 
heat exchanger having a relatively large heat load and 
the hot water heat exchanger having a relatively small 
heat load. 

[0004] When the hot water heat exchanger is larger in 
heat load than the cold water heat exchanger, the open- 
ing degree of the outlet-side three-way valve is regulated 
so as to communicate the outlet side of the compressor 
only with the hot water heat exchanger, while the opening 
degree of the inlet-side three-way valve is regulated so 
as to communicate the inlet side of the compressor both 
with the cold water heat exchanger and the air heat ex- 
changer. Consequently, the air heat exchanger functions 
as an evaporator, by which the heat load is balanced 
between the hot water heat exchanger having a relatively 
large heat load and the cold water heat exchanger having 
a relatively small heat load. 

[0005] However, in the conventional refrigerator, when 
the air heat exchanger functions as a condenser, air used 
in air heat exchange is usually lower in temperature than 
hot water for heat exchange in the hot water heat ex- 
changer, which makes condensing pressure of the re- 
frigerant in the air heat exchanger lower than the con- 
densing pressure of the refrigerant in the hot water heat 
exchanger. Therefore, since a flow rate of the refrigerant 
in the air heat exchanger becomes smaller than that of 
the refrigerant in the hot water heat exchanger, the re- 
frigerant grows stagnant, i.e., the flooding phenomenon 
as it is called occurs. As a result, the conventional refrig- 
erator suffers a problem that an amount of the refrigerant 
required to be retained in a refrigerant circuit is larger 
than that in a normal refrigerator having only a cold water 
heat exchanger and an air heat exchanger. For example, 



in the case where the hot water heat exchanger performs 
heat exchange using hot water with a temperature of 
about 45 °C at an outdoor temperature of -5 °C, there is 
such a problem that the conventional refrigerator needs 
5 a refrigerant twice as much as the refrigerant used in the 
normal refrigerator. 

[0006] Moreover, when the heat loads in the hot water 
heat exchanger and the cold water heat exchanger 
changes and the heat load of the hot water heat exchang- 
io er becomes larger than the heat load of the cold water 
heat exchanger, the outlet-side and inlet-side three-way 
valves are regulated so that the air heat exchanger which 
has been functioning as the condenser functions as an 
evaporator In this case, a large amount of a liquid ref rig- 
's erant stagnant in the air heat exchanger due to the flood- 
ing phenomenon may flow into the compressor, and may 
cause liquid back to the compressor, which may lead to 
breakdown. 

20 SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 
a refrigerator having an air heat exchanger In which the 
flooding phenomenon is less likely to occur. 
25 [0008] In order to accomplish the object, a refrigerator 
according to a first aspect of the present Invention In- 
cludes: 

a compressor compressing a refrigerant; 
30 a first liquid heat exchanger performing heat ex- 
change between the refrigerant and a first liquid heat 
medium; 

an expander expanding the refrigerant; 
a second liquid heat exchanger performing heat ex- 
35 change between the refrigerant and a second liquid 
heat medium; 

an air heat exchanger performing heat exchange be- 
tween the refrigerant and air; 
a blower sending air to the air heat exchanger; 
4 <> a refrigerant flow rate regulator regulating a flow rate 
of the refrigerant of the first liquid heat exchanger, 
the second liquid heat exchanger and the air heat 
exchanger; 

a pressure sensor detecting a pressure value of the 
4S refrigerant of the air heat exchanger ; 

a target pressure value setter setting a target pres- 
sure value of the refrigerant of the air heat exchanger 
in accordance with a target temperature value of the 
first liquid heat medium; and 
50 a blower controller controlling the blower so that the 
detection value of the pressure sensor becomes the 
target pressure value. 

[0009] According to this construction, the refrigerant 
55 compressed in the compressor circulates the first liquid 
heat exchanger, the expander and the second liquid heat 
exchanger in sequence since the flow rate of the refrig- 
erant In each heat exchanger is regulated by the refrig- 
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erant flow rate regulator. In this case, the first liquid heat 
exchanger serves as a condenser to heat the first liquid 
heat medium, while the second liquid heat exchanger 
serves as an evaporator to cool the second liquid heat 
medium. Moreover, the flow rate of the refrigerant to the 
air heat exchanger is regulated by the refrigerant flow 
rate regulator so that the air heat exchanger serves as a 
condenser or as an evaporator. This balances the heat 
load between the first liquid heat exchanger and the sec- 
ond liquid heat exchanger. The target pressure value of 
the refrigerant of the air heat exchanger is set in accord- 
ance with the target temperature value of the first liquid 
heat medium by the target pressure value setter. Then, 
for example, the rotation speed and the operating number 
of fans in the blower are controlled by the blower control- 
ler so that the detection value from the pressure sensor 
becomes the target pressure value. This makes it possi- 
ble to prevent the refrigerant pressure In the air heat ex- 
changer from becoming considerably lower than the re- 
frigerant pressure in the first liquid heat exchanger. In 
other words, the condensing pressure of the refrigerant 
in the air heat exchanger Is prevented from becoming 
considerably lower than the condensing pressure of the 
refrigerant In the first liquid heat exchanger. Therefore, 
the refrigerant in the air heat exchanger Is less likely to 
grow stagnant, and the so-called flooding phenomenon 
of the refrigerant becomes less likely to occur. As a result, 
the refrigerator can considerably reduce an amount of 
the refrigerant required to retain in a refrigerant circuit, 
and can also avoid the liquid back of the compressor. 
[0010] Moreover, when, for example, the target tem- 
perature of the first liquid heat exchanger is relatively low, 
and so both the condensing pressures of the first liquid 
heat exchanger and the air heat exchanger may be low, 
appropriate increase in volume of air sent by the blower 
can reduce the refrigerant flow rate to the respective heat 
exchangers, which makes it possible to keep a refrigerant 
discharge amount from the compressor to the required 
minimum. Therefore, the refrigerator can effectively re- 
duce power consumption of, for example, a motor which 
drives the compressor. 

[001 1] Moreover, since the refrigerant pressure in the 
air heat exchanger is regulated to be a pressure in ac- 
cordance with the target temperature value of the first 
liquid heat medium, the discharge pressure of the com- 
pressorthat feeds the refrigerant to the air heat exchang- 
er has onfy to be a pressure compatible with the target 
temperature value of the first liquid heat medium. There- 
fore, In accordance with the target temperature value, for 
example, the discharge pressure of the compressor can 
be reduced from the discharge pressure In the case 
where the discharge pressure of the compressor is fixed 
to a discharge pressure in accordance with a maximum 
value of settable target temperature values of the first 
liquid heat medium. As a result the power consumption 
of, for example, the motor that drives the compressor can 
effectively be reduced. 

[001 2] Moreover, the volume of air sent to the air heat 



exchanger is regulated so that the refrigerant of the air 
heat exchanger gains a target pressure value, and this 
prevents the refrigerant pressure in the air heat exchang- 
er from becoming considerably lower than the refrigerant 

s pressure in the first liquid heat exchanger, which in turn 
can reduce the refrigerant flow rate fed to the air heat 
exchanger to the required minimum. Therefore, the re- 
frigerant flow rate regulator makes it possible to feed the 
refrigerant with a flow rate larger than the conventional 

io flow rate to the first liquid heat exchanger which receives 
feed of the refrigerant together with the air heat exchang- 
er, which allows the temperature of the first liquid heat 
medium to be controlled by the first liquid heat exchanger 
at higher accuracy than in the conventional refrigerator 

15 [001 3] It is defined that in the present specification, the 
pressure of the refrigerant of the air heat exchanger refers 
to every one of the pressure of the refrigerant in the air 
heat exchanger, the pressure of the refrigerant In the 
vicinity of the inlet of the air heat exchanger, and the 

20 pressure of the refrigerant in the vicinity of the outlet of 
the air heat exchanger. 

[0014] Moreover, the refrigerant flow rate regulator 
may be a three-way valve or a combination of a plurality 
of two-way valves. 
2s [0015] In one embodiment, the refrigerator further In- 
cludes: 

a temperature sensor detecting a temperature value 
of the first liquid heat medium subjected to heat ex- 
30 change with the refrigerant in the first liquid heat ex- 
changer; and 

a target pressure value corrector correcting the tar- 
get pressure value based on the detection value of 
the temperature sensor. 

35 

[001 6] According to this embodiment, based on an ac- 
tual temperature of the first liquid heat medium detected 
by the temperature sensor, the target pressure value of 
the refrigerant of the air heat exchanger is corrected. 
Consequently, in the air heat exchanger, considerable 
reduction in the condensing pressure of the refrigerant 
is reliably prevented in accordance with an actual con- 
densing pressure of the refrigerant in the first liquid heat 
exchanger. As a result, the stagnation of the refrigerant 
45 in the air heat exchanger is effectively prevented so that 
the flooding phenomenon of the refrigerant is effectively 
prevented. 

[001 7] Moreover, since the pressure of the refrigerant 
in the air heat exchanger is regulated to be a pressure 
50 corresponding to an actual temperature of the first liquid 
heat medium, the discharge pressure of the compressor 
that feeds the refrigerant to the air heat exchanger has 
only to be a pressure compatible with the actual temper- 
ature of the first liquid heat medium. Therefore, the dis- 
ss charge pressure of the compressor can be reduced in 
accordance with the actual temperature of the first liquid 
heat medium, which allows effective reduction in power 
consumption of, for example, a motor that drives the com- 
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pressor. 

[0018] A refrigerator according to a second aspect of 
the present invention includes: 

a compressor compressing a refrigerant; 

a first liquid heat exchanger performing heat ex- 

change between the refrigerant and a first liquid heat 

medium; 

an expander expanding the refrigerant; 
a second liquid heat exchanger performing heat ex- 
change between the refrigerant and a second liquid 
heat medium; 

an air heat exchanger performing heat exchange be- 
tween the refrigerant and air; 
a blower sending air to the air heat exchanger; 
a refrigerant flow rate regulator regulating a flow rate 
of the refrigerant of the first liquid heat exchanger, 
the second liquid heat exchanger and the air heat 
exchanger; 

a pressure sensor for detecting a pressure value of 
the refrigerant of the air heat exchanger; 
a temperature sensor detecting a temperature value 
of the first liquid heat medium subjected to heat ex- 
change with the refrigerant in the first liquid heat ex- 
changer 

a target pressure value setter setting a target pres- 
sure value of the refrigerant of the air heat exchanger 
In accordance with the detected value of the temper- 
ature sensor; and 

a blower controller for controlling the blower so that 
the detection value of the pressure sensor becomes 
the target pressure value. 

[0019] According to this construction, the refrigerant 
compressed in the compressor circulates the first liquid 
heat exchanger, the expander and the second liquid heat 
exchanger in sequence since the flow rate of the refrig- 
erant in each heat exchanger is regulated by the refrig- 
erant flow rate regulator. In this case, the first liquid heat 
exchanger serves as a condenser to heat the first liquid 
heat medium, while the second liquid heat exchanger 
serves as an evaporator to cool the second liquid heat 
medium. Moreover, the flow rate of the refrigerant to the 
air heat exchanger is regulated by the refrigerant flow 
rate regulator so that the air heat exchanger serves as a 
condenser or as an evaporator. This balances the heat 
load between the first liquid heat exchanger and the sec- 
ond liquid heat exchanger. The target pressure value of 
the refrigerant of the air heat exchanger is set by the 
target pressure value setter in accordance with the tem- 
perature value of the first liquid heat medium detected 
by the temperature sensor. Then, for example, the rota- 
tion speed and the operating number of fans in the blower 
are controlled by the blower controller so that the detec- 
tion value from the pressure sensor becomes the target 
pressure value. This makes it possible to prevent the 
refrigerant pressure in the air heat exchanger from be- 
coming considerably lower than the refrigerant pressure 



in the first liquid heat exchanger. In other words, the con- 
densing pressure of the refrigerant In the air heat ex- 
changer is prevented from becoming considerably lower 
than the condensing pressure of the refrigerant in the 

5 first liquid heat exchanger. Therefore, the refrigerant in 
the air heat exchanger is less likely to grow stagnant, and 
the so-called flooding phenomenon of the refrigerant be- 
comes less likely to occur. As a result, the refrigerator 
can considerably reduce an amount of the refrigerant re- 

70 quired to retain in a refrigerant circuit, and can also avoid 
the liquid back of the compressor. 
[0020] Moreover, when, for example, the target tem- 
perature of the first liquid heat exchanger is relatively low, 
and so both the condensing pressures of the first liquid 

is heat exchanger and the air heat exchanger may be low, 
appropriate Increase in volume of air sent by the blower 
can reduce the refrigerant flow rate to the respective heat 
exchangers, which makes It possible to keep a refrigerant 
discharge amount from the compressor to the required 

20 minimum. Therefore, the refrigerator can effectively re- 
duce power consumption of, for example, a motor which 
drives the compressor. 

[0021] Moreover, since the refrigerant pressure In the 
air heat exchanger is regulated to be a pressure corra- 
ls spondlng to an actual temperature of the first liquid heat 
medium, the discharge pressure of the compressor that 
feeds a refrigerant to the air heat exchanger has only to 
be a pressure compatible with the actual temperature of 
the first liquid heat medium. Therefore, the discharge 
30 pressure of the compressor can be reduced in accord- 
ance with the actual temperature of the first liquid heat 
medium, which allows effective reduction in power con- 
sumption of, for example, the motor that drives the com- 
pressor. 

35 [0022] Moreover, the volume of air sent to the air heat 
exchanger is regulated so that the refrigerant of the air 
heat exchanger gains a target pressure value, and this 
prevents the refrigerant pressure in the air heat exchang- 
er from becoming considerably lower than the refrigerant 

40 pressure In the first liquid heat exchanger, which in turn 
can reduce the refrigerant flow rate fed to the air heat 
exchanger to the required minimum. Therefore, the re- 
frigerant flow rate regulator makes it possible to feed the 
refrigerant with a flow rate larger than the conventional 

45 flow rate to the first liquid heat exchanger which receives 
feed of the refrigerant together with the air heat exchang- 
er, which allows the temperature of the first liquid heat 
medium to be controlled by the first liquid heat exchanger 
at higher accuracy than in the conventional refrigerator. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The present invention will become more fully 
understood from the detailed description given herein- 
55 below and the accompanying drawings which are given 
by way of illustration only, and thus are not limitative of 
the present invention, and wherein: 
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Fig. 1 is a schematic view showing a refrigerator in 
the embodiment of the present invention; and 
Fig. 2 is a view showing a refrigerant circuit when 
the refrigerator operates in cooling-oriented mode. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] Hereinbelow, the present invention will be de- 
scribed in detail in conjunction with the embodiment with 
reference to the drawings. 

[0025] Fig. 1 is a schematic view showing a refrigerator 
in the embodiment of the present invention. 
[0026] The refrigerator is a refrigerator for simultane- 
ously feeding cold water and hot water, which includes 
a compressor 1 for compressing a refrigerant, a hot water 
heat exchanger, a hot water heat exchanger 3 serving 
as the first liquid heat exchanger, a cold water heat ex- 
changer 4 serving as the second liquid heat exchanger, 
and an air heat exchanger 6. As the refrigerant, an HFC 
(hydrofluorocarbon) refrigerant such as R407C is used 
for example. 

[0027] An outlet-side three-way valve 8 is connected 
to an outlet pipe of the compressor 1 , and by changing 
the opening degree of the outlet-side three-way valve 8, 
a high-pressure refrigerant from the compressor 1 is fed 
to the hot water heat exchanger 3 and the air heat ex- 
changer 6 in varied flow rate proportions. An Inlet-side 
three-way valve 9 is connected to an Inlet pipe of the 
compressor 1 , and by changing the opening degree of 
the inlet-side three-way valve 9, a low-pressure refriger- 
ant from the air heat exchanger 6 and a low-pressure 
refrigerant from the cold water heat exchanger 4 are fed 
to the compressor 1 in varied flow rate proportions. More 
particularly, the outlet-side three-way valve 8 and the in- 
let-side three-way valve 9 function as the refrigerant flow 
rate regulator. 

[0028] The hot water heat exchanger 3 performs heat 
exchange between a high-temperature and high-pres- 
sure refrigerant from the compressor 1 and water serving 
as the first liquid heat medium to heat the water. The cold 
water heat exchanger 4 performs heat exchange be- 
tween a low-temperature and low-pressure refrigerant 
expanded by a first electronic expansion valve 1 1 serving 
as the expander and water serving as the second liquid 
heat medium to coot the water. 

[0029] The air heat exchanger 6 serves as a condenser 
or as an evaporator depending on the opening degrees 
of the outlet-side three-way valve 8 and the inlet-side 
three-way valve 9. When serving as the condenser, the 
air heat exchanger 6 is fed with a high-temperature and 
high-pressure refrigerant from the compressor 1 via the 
outlet-side three-way valve 8 to perform heat exchange 
between the refrigerant and air. The refrigerant subjected 
to heat exchange is led to a receiver 1 4 through a refrig- 
erant pipe equipped with a check value. When serving 
as an evaporator, the air heat exchanger 6 is fed with the 
refrigerant, which was led to the receiver 1 4 from the hot 
water heat exchanger 3 and expanded and decom- 



pressed by a second electronic expansion valve 12 serv- 
ing as the expander, to perform heat exchange between 
the refrigerant and air. The refrigerant subjected to heat 
exchange is sucked by the compressor 1 viathe inlet-side 
s three-way valve 9. 

[0030] In the air heat exchanger 6, upon reception of 
air sent from a blower 1 6, the condensing pressure of an 
inside refrigerant Is regulated. The blower 16 has a fan 
and an adjustable-speed motor, and by controlling the 
io rotation speed of the adjustable-speed motor, the volume 
of air sent to the air heat exchanger 6 is controlled. 
[0031] The refrigerator has a control unit 19 for con- 
trolling the operation of the refrigerator according to a 
target temperature of water heated by the hot water heat 
is exchanger 3 and a target temperature of water cooled 
by the cold water heat exchanger 4. The control unit 19 
is connected to a hot water temperature sensor 17 for 
detecting the temperature of water discharged from the 
hot water heat exchanger 3, a cold water temperature 
sensor for detecting the temperature of water discharged 
from the cold water heat exchanger 4, and a pressure 
sensor 18 for detecting the pressure of a refrigerant in 
the air heat exchanger 6, respectively. In response to a 
signal from each sensor, the control unit 19 controls the 
opening degree of the outlet-side three-way valve 8, the 
opening degree of the inlet-side three-way valve 9, the 
opening degree of the first electronic expansion valve 
1 1 , and the opening degree of the second electronic ex- 
pansion valve 1 2. 

[0032] More particularly, each of the outlet-side 
three-way valve 8 and the Inlet-side three-way valve 9 
has a housing having three ports, a valve disk housed in 
the housing for communicating two or all of three ports 
with each other, and a solenoid or a motor for driving the 
valve disk. The solenoid or the motor receives supply of 
driving power from power units 8a, 9a. In response to a 
signal from the control unit 19, the power units 8a, 9a 
changes power supply to the solenoid or the motor to 
control the position of the valve disk with respect to the 
housing. By this, the communication among the three 
ports and a flow rate of fluid among the communicated 
ports are controlled. 

[0033] Moreover, each of the first and second electron- 
ic expansion valves 11,12 has a needle valve, a fluid 
channel formed between an inlet port and an outlet port 
for housing the needle valve, and a solenoid for driving 
the needle valve forward and backward in axial direction. 
The solenoid receives supply of driving powerfrom power 
units 11a, 12a. In response to a signal from the control 
unit 19, the power units 1 1a, 12a change power supply 
to the solenoid to control the position of the needle valve 
with respect to the fluid channel. By this, a distance be- 
tween the outer peripheral surface of the needle value 
and the inner peripheral surface of the fluid channel is 
changed to control a difference in fluid pressure between 
the inlet port and the outlet port. 
[0034] Moreover, the control unit 19 is connected to 
an inverter 1a for supplying driving power to the com- 
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pressor 1 , and by controlling the operating frequency of 
the inverter 1 a, the frequency of power supplied from the 
inverter 1a to the motor of the compressor 1 is changed. 
By this, the rotation speed of the motor In the compressor 
1 is controlled so that the rotation speed of a compression 
element driven by the motor is controlled, by which a 
refrigerant discharge amount from the compressor 1 Is 
controlled. 

[0035] Further, the control unit 19 is connected to an 
inverter 1 6a for supplying driving power to the blower 1 6, 
and by controlling the operating frequency of the inverter 
16a, the frequency of power supplied from the Inverter 
16a to the motor of the blower 16 Is changed. By this, 
the rotation speed of the motor in the blower 1 6 is con- 
trolled so that the rotation speed of a fan driven by the 
motor is controlled, by which the air volume sent from 
the blower 16 to the air heat exchanger 6 is controlled. 
More particularly, the control unit 19 serves also as the 
blower controller. 

[0036] The control unit 19 operates mainly in five 
modes according to a target temperature and a heat load 
of the hot water heat exchanger 3 as well as a target 
temperature and a heat load of the cold water heat ex- 
changer 4. 

[0037] First the first mode is a cooling exclusive mode, 
that is an operation mode for use In the case where a 
target temperature is set only In the cold water heat ex- 
changer 4. In this mode, the opening degree of the out- 
let-side three-way valve 8 is so set that all part of the 
discharge refrigerant of the compressor 1 is fed to the air 
heat exchanger 6. Also, the opening degree of the in- 
let-side three-way valve 9 is so set that the refrigerant is 
fed to the compressor 1 only from the cold water heat 
exchanger 4. By this, a refrigerant cycle in which the re- 
frigerant circulates the compressor 1 , the air heat ex- 
changer 6, the receiver 1 4, the first electronic expansion 
valve 1 1 and the cold water heat exchanger 4 is formed, 
with only the air heat exchanger 6 serving as a condenser 
while the cold water heat exchanger 4 performing only 
cooling of water. 

[0038] The second mode is a cooling-oriented mode, 
that is an operation mode for use in the case where a 
target temperature is set both in the cold water heat ex- 
changer 4 and the hot water heat exchanger 3, and the 
heat load of the cold water heat exchanger 4 is larger 
than the heat load of the hot water heat exchanger 3. In 
this mode, the opening degree of the outlet-side 
three-way valve 8 is so set that a discharge refrigerant 
from the compressor 1 is guided to the hot water heat 
exchanger 3 and the air heat exchanger 6 in specified 
proportions. Also, the opening degree of the inlet-side 
three-way valve 9 is so set that only the refrigerant from 
the cold water heat exchanger 4 is guided to the com- 
pressor 1 . By this, both the hot water heat exchanger 3 
and the air heat exchanger 6 serve as the condensers, 
and water is heated in the hot water heat exchanger 3 
while water is cooled in the cold water heat exchanger 
4. The opening degree of the outlet-side three-way valve 



8 is regulated so that the heat load of the hot water heat 
exchanger 3 and the heat load of the cold water heat 
exchanger 4 are balanced in the air heat exchanger 6. 
[0039] The third mode is a cooling heating equal mode, 

5 that is an operation mode for use In the case where a 
target temperature is set both in the cold water heat ex- 
changer 4 and the hot water heat exchanger 3, and the 
heat load of the cold water heat exchanger 4 and the 
heat lead of the hot water heat exchanger 3 are almost 

?o equal. In this mode, the opening degree of the outlet-side 
three-way valve 8 is so set that all part of the discharge 
refrigerant of the compressor 1 is fed to the hot water 
heat exchanger 3. Also, the opening degree of the in- 
let-side three-way valve 9 is so set that only the ref rlger- 

*s ant from the cold water heat exchanger 4 is guided to the 
compressor 1. By this, a refrigerant cycle in which the 
refrigerant circulates the compressor 1, the hot water 
heat exchanger 3, the receiver 14, the first electronic ex- 
pansion valve 1 1 and the cold water heat exchanger 4 

20 is formed, and water is heated In the hot water heat ex- 
changer 3 while water Is cooled in the cold water heat 
exchanger 4. 

[0040] The fourth mode is a heating-oriented mode, 
that is an operation mode for use in the case where a 

25 target temperature is set both In the cold water heat ex- 
changer 4 and the hot water heat exchanger 3, and the 
heat load of the cold water heat exchanger 4 Is smaller 
than the heat load of the hot water heat exchanger 3. In 
this mode, the opening degree of the outlet-side 

30 three-way valve 8 is so set that all part of a discharge 
refrigerant from the compressor 1 is fed to the hot water 
heat exchanger 3. Also, the opening degree of the in- 
let-side three-way valve 9 is so set that a refrigerant from 
the air heat exchanger 6 and a refrigerant from the cold 

35 water heat exchanger 4 are guided to the compressor 1 
in specified proportions. By this, both the cold water heat 
exchanger 4 and the air heat exchanger 6 serve as the 
evaporators. The opening degree of the inlet-side 
three-way valve 9 is regulated so that the heat load of 

<to the hot water heat exchanger 3 and the heat load of the 
cold water heat exchanger 4 are balanced in the air heat 
exchanger 6. 

[0041 ] The fifth mode is a heating exclusive mode, that 
is an operation mode for use in the case where a target 

45 temperature is set only in the hot water heat exchanger 
3. In this mode, the opening degree of the outlet-side 
three-way valve 8 Is so set that all part of the discharge 
refrigerant of the compressor 1 is fed to the hot water 
heat exchanger 3. Also, the opening degree of the in- 

so let-side three-way valve 9 is so set that the refrigerant is 
fed to the compressor 1 only from the air heat exchanger 
6. By this, a refrigerant cycle In which the refrigerant cir- 
culates the compressor 1, the hot water heat exchanger 
3, the receiver 1 4, the second electronic expansion valve 

55 1 2 and the air heat exchanger 6 is formed, with only the 
air heat exchanger 6 serving as an evaporator while the 
hot water heat exchanger 3 performing only heating of 
water. 
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[0042] Fig. 2 is a view showing a refrigerant circuit 
formed in the refrigerator when the control unit 19 exe- 
cutes the cooling-oriented mode that is the second op- 
eration mode. In this cooling-oriented mode, a high-tem- 
perature and high-pressure refrigerant discharged from 
the compressor 1 diverges to the hot water heat exchang- 
er 3 and the air heat exchanger 6 by the outlet-side 
three-way valve B for heating water in the hot water heat 
exchanger 3 and becoming cold and for being heat-ex- 
changed with air in the air heat exchanger 6 and becom- 
ing cold, and then converges in the receiver 14. The re- 
frigerant in the receiver 14 undergoes adlabatic expan- 
sion in the first electronic expansion valve 1 1 to become 
a low-temperature and low-pressure refrigerant, which 
cools water In the cold water heat exchanger 4 and be- 
comes warm, before being sucked by the compressor 1 . 
[0043] In the cooling-oriented mode, when outside air 
temperature is relatively low and temperature of water 
fed to the hot water heat exchanger 3 Is relatively high, 
the refrigerant pressure Inside the aJr heat exchanger 6 
becomes lower than the refrigerant pressure Inside the 
hot water heat exchanger 3. Herein, the control unit 19 
sets a target pressure value Ps of the refrigerant of the 
air heat exchanger 6 In accordance with a target temper- 
ature value Ts of water subjected to heat exchange in 
the hot water heat exchanger 3. Thus the control unit 1 9 
serves as the target pressure value setter. Then, the con- 
trol unit 1 9 regulates the rotation speed of a motor of the 
blower 16 so that a detected value Pm of the refrigerant 
pressure In the air heat exchanger 6 detected by the pres- 
sure sensor 1 8 approximates the target pressure value 
Ps. By this, the volume of air sent to the air heat exchang- 
er 6 by the fan of the blower 16 is regulated so as to 
reduce a difference between the refrigerant pressure in 
the air heat exchanger 6 and the refrigerant pressure in 
the hot water heat exchanger 3. This makes it possible 
to avoid the refrigerant pressure in the air heat exchanger 
6 becoming considerably lower than refrigerant pressure 
in the hot water heat exchanger 3. As a result, it becomes 
possible to effectively prevent the flooding phenomenon 
of the refrigerant caused, as shown in the conventional 
example, when a refrigerant is stagnant in the air heat 
exchanger 6 in which the condensing pressure has con- 
siderably decreased. 

[0044] Moreover, since the refrigerator can prevent the 
flooding phenomenon of the refrigerant in the air heat 
exchanger 6, an amount of the refrigerant required to be 
retained in a refrigerant circuit can considerably be re- 
duced from the conventional amount. Further, It becomes 
possible to effectively prevent the disadvantage, that is 
when the refrigerator is switched from the cooling-orient- 
ed mode to the heating-oriented mode, the liquid refrig- 
erant stagnant in the air heat exchanger 6 flows into the 
compressor 1 and causes liquid back to the compressor, 
which leads to breakdown. 

[0045] Further, the refrigerator variably sets the target 
pressure Ps of the refrigerant In the air heat exchanger 
in accordance with the target temperature Ts of the hot 



water heat exchanger 3. Therefore when, for example, 
the target temperature Ts is relatively low and both the 
condensing pressures of the hot water heat exchanger 
3 and the air heat exchanger 6 can be low, the volume 

5 of air sent by the blower 16 can appropriately be in- 
creased, as a result of which the refrigerant discharge 
amount of the compressor 1 can be kept to the required 
minimum. Therefore, the refrigerator can effectively re- 
duce the power consumption of the motor of the com- 

io pressor 1 . The power consumption of the compressor 1 
can considerably be reduced from the power consump- 
tion in the case where, for example, the target pressure 
Ps of the air heat exchanger 6 is fixedly set at relatively 
high values in accordance with the condensing pressure 

is obtained in the case of a maximum target temperature 
Ts which provides a maximum load to the hot water heat 
exchanger 3. 

[0046] Moreover, since the refrigerant pressure In the 
air heat exchanger 6 Is regulated to be a pressure in 

20 accordance with the target temperature Ts of the hot wa- 
ter heat exchanger 3. the discharge pressure of the com- 
pressor 1 that feeds the refrigerant to the air heat ex- 
changer 6 has only to be a pressure compatible with the 
target temperature Ts of the hot water heat exchanger 

25 3. Therefore, It is not necessary to fix the discharge pres- 
sure of the compressor to the discharge pressure corre- 
sponding to a maximum value of eettable target temper- 
atures of the hot water heat exchanger. As a result, the 
refrigerator in this embodiment can keep the discharge 

30 pressure of the compressor 1 to the required minimum 
in accordance with the target temperature Ts, which al- 
lows considerable reduction in power consumption of the 
motor of the compressor 1. 

[0047] Moreover, the volume of air sent by the blower 

35 1 6 Is regulated so that the refrigerant of the air heat ex- 
changer 6 gains the target pressure Ps, and this prevents 
the refrigerant pressure in the air heat exchanger 6 from 
becoming considerably lower than the refrigerant pres- 
sure in the hot water heat exchanger 3, which in turn can 

to reduce the refrigerant flow rate fed to the air heat ex- 
changer 6 to the required minimum. Therefore, it be- 
comes possible to feed the refrigerant with a flow rate 
larger than the conventional flow rate to the hot water 
heat exchanger 3 which receives feed of the refrigerant 

45 together with the air heat exchanger 6 by the outlet-side 
three-way valve 8. As a result, the temperature of water 
can be controlled by the hot water heat exchanger 3 at 
higher accuracy than in conventional refrigerator. 
[0048] Although In this embodiment, the control unit 

so 19 sets the target pressure value Ps of the refrigerant of 
the air heat exchanger 6 in accordance with the target 
temperature value Ts of water subjected to heat ex- 
change in the hot water heat exchanger 3, the target tem- 
perature Ts may be corrected based on the detected val- 

55 ue Tm of the hot water temperature sensor 1 7. Conse- 
quently, in the case where, for example, the heat load of 
the hot water heat exchanger 3 has changed, the pres- 
sure of the air heat exchanger 6 can appropriately be 
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controlled based on an actual condensing pressure of 
the hot water heat exchanger 3. As a result, a difference 
in condensing pressure between the hot water heat ex- 
changer 3 and the air heat exchanger 6 can effectively 
be reduced, and the flooding phenomenon of the refrig- s 
erant in the air heat exchanger 6 can be prevented stably 
and reliably. Moreover, the power consumption of the 
compressor 1 can effectively be reduced. 
[0049] Although In this embodiment, the control unit 
1 9 sets the target pressure value Ps of the refrigerant of io 
the air heat exchanger 6 in accordance with the target 
temperature value Ts of water subjected to heat ex- 
change In the hot water heat exchanger 3, the target pres- 
sure value Ps maybe set in accordance with the detected 
value Tm of the hot water temperature sensor 1 7. With is 
this, the pressure of the air heat exchanger 6 can appro- 
priately be controlled based on an actual heat load of the 
hot water heat exchanger 3. As a result, a difference in 
condensing pressure between the hot water heat ex- 
changer 3 and the air heat exchanger 6 can effectively 20 
be reduced, and the flooding phenomenon of the refrig- 
erant in the air heat exchanger 6 can be prevented stably 2. 
and reliably. Moreover, the discharge pressure of the 
compressor 1 can be reduced to a required minimum 
discharge pressure, which Is the pressure compatible 25 
with an actual heat load of the hot water heat exchanger 
3, and therefore the power consumption of the compres- 
sor 1 can effectively be reduced. 
[0050] In this embodiment, the outlet-side three-way 
valve 8 and the inlet-side three-way valve 9 can be 30 
three-way valves of any types as long as the valves have 
a function to communicate one port with the remaining 
two ports by changing the opening degree. Also, a plu- 3. 
rallty of selector valves and the like can be combined so 
as to fulfill the same function as the three-way valve. 35 
[0051] Although in this embodiment, water has been 
used as the first liquid heat medium and the second liquid 
heat medium, mediums other than water, e.g., brines 
such as ethylene gfycol-based liquids, may be applied to 
one of or both the first liquid heat medium and the second *o 
liquid heat medium. 

[0052] The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modiflca- *s 
tlons as would be obvious to one skilled in the art are 
intended to be Included within the scope of the following 
claims. 



Claims 

1 . A refrigerator comprising: 

a compressor compressing a refrigerant; 55 
a first liquid heat exchanger performing heat ex- 
change between the refrigerant and a first liquid 
heat medium; 



an expander expanding the refrigerant; 
a second liquid heat exchanger performing heat 
exchange between the refrigerant and a second 
liquid heat medium; 

an air heat exchanger performing heat ex- 
change between the refrigerant and air; 
a blower sending air to the air heat exchanger; 
a refrigerant flow rate regulator regulating a flow 
rate of the refrigerant of the first liquid heat ex- 
changer, the second liquid heat exchanger and 
the air heat exchanger; 

a pressure sensor detecting a pressure value of 
the refrigerant of the air heat exchanger ; 
a target pressure value setter setting a target 
pressure value of the refrigerant of the air heat 
exchanger in accordance with a target temper- 
ature value of the first liquid heat medium; and 
a blower controller control ling the blower so that 
the detection value of the pressure sensor be- 
comes the target pressure value. 

The refrigerator as defined In Claim 1 , further com- 
prising: 

a temperature sensor detecting a temperature 
value of the first liquid heat medium subjected 
to heat exchange with the refrigerant In the first 
liquid heat exchanger; and 
a target pressure value corrector correcting the 
target pressure value based on the detection 
value of the temperature sensor. 

A refrigerator comprising: 

a compressor compressing a refrigerant; 
a first liquid heat exchanger performing heat ex- 
change between the refrigerant and a first liquid 
heat medium; 

an expander expanding the refrigerant; 
a second liquid heat exchanger performing heat 
exchange between the refrigerant and a second 
liquid heat medium; 

an air heat exchanger performing heat ex- 
change between the refrigerant and air; 
a blower sending air to the air heat exchanger; 
a refrigerant flow rate regulator regulating a flow 
rate of the refrigerant of the first liquid heat ex- 
changer, the second liquid heat exchanger and 
the air heat exchanger; 

a pressure sensorfor detecting a pressure value 
of the refrigerant of the air heat exchanger; 
a temperature sensor detecting a temperature 
value of the first liquid heat medium subjected 
to heat exchange with the refrigerant in the first 
liquid heat exchanger; 

a target pressure value setter setting a target 
pressure value of the refrigerant of the air heat 
exchanger in accordance with the detected val- 



8 



15 EP 1624 262 A1 

ue of the temperature sensor; and 
a blower controller for controlling the blower so 
that the detection value of the pressure sensor 
becomes the target pressure value. 
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